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3.270,802 -
METHOD AND APPARATUS FOR VARYING
THERMAL CON DUCTY VITY. )

Jay G. Lmdoerg Downey, Calif,, granted fo National
Aeronautics and Space Admipi snxuon under the provi-
sions of 42 U.S.C. 2457(a)

Filed Yaa. 10, 1963, Ser No. 250,567
8 Clalms. (Cl. 165—2)

This invention reiates to method and apparatus for
controlling hezt fiow and particularly concerns adjust-
_ment of thermal conductance. The methods and ap-
paratus of this invemion are useful for regulating t’em-’
perafure..
The contro] of temperature of apparaius is a problem
of great importance in many fields of technology today.
Temperature is usually controlied by the addition or sub-
traction of heat in a <yﬁtem whose heat transfer charac-
teristics with its environment afe substantially uniform.
Thus, for example, the: temperature of electrenic com-

‘ponents operating in a temperature _above ambient is -

controlled by providing a path for heat transier from the
electronic components te the enviroment wherein the rate
of heat transfer is higher than the inaximum rate of heat
-generation in the components, sensing the temperature
of the cempenents, and adding heat (o the system by
an electric heater in ordér “o counter-balance the cxcess
heat loss to the environment. By corurollab‘y varying
the quantity of heat added to such a sysiem in equilibrium
with its surrounumvs |its temperature can be controlled.
~ It has also been a common piactice 0 provide heat
transfer befween 1wo regions at different temperatures
wherein the rate of ‘.'-'A’ transier is a predetermined

quantity. Thus, for a ﬁrsk ex.:myle high rates of heat:

transfer are prowucd in many types of equipment 10
minimize the temperature grad.ent between the eqmp-
ment and its envirenment. As a secord example, in-
sulation to minimize the quantity of heat transferred is
often interposed between regions at different temperatures
to maximize the difference in temperature between the two
regxons. Tnus, the rate of heat transfer is maximized or
minimized in any particular example to an extent that is'
companble with the other physical properties requxred
of the heat transfer system. The heat transfer rate is
_controlled to the éxtent that it is fixed at a predetermined
value by means of selecting the geomietry and physical
properties of the beat transfer medxum. In static heat
transier mediums such as thermal insulation, the total

thermal conductance of Lhe materials emplo}ed is 5

relatively .constant..

Tiie problem of cnntrallmg the temperature of elec-
tronic componerts in orbiiing or other vehicles in space
is more diffictlt of solution than similar problems in
terrestrial enviroments. Yeat is generated by the opera-

“tion of electronic equmment and in order .to prevernt
,cxces:we temperature rise in the' apparatus this heat must
be ‘removed from the electronic components. This heat
can be dissipated only by means of radiation into space
or by heating an expendzble refriger ant or heat sink.
The avzilable solutions to the problem of dissipating
heat have been limited to rejatively small’ siabilized
vehicles wherein the heat load from the operuting devices
aboard the vehicle is relatively consiant with time. The
sophmlcalcd ‘systems nrevmmly available have bcen un-
satisfactory becawse of the prohlbxtwely large weight or
size of the system, the complex mstrumen.anon the re-
quirement of excessive amounts of “electrical energy to
operate the system, the limited lifetime of the compenents
of the system, or the complexity and multiple oppor-
tunities for malfunction of the system.

1t is therefore a broad ob]e.,t of this invention to pro-

" sulating matetial is also included.

N

-trol of thermal conductance by v

2

vide a method and apraratus for regulating beat flow
or temperature in a manner which substantially cbviates'
the disadvantages described above:

Thus in the practice of this inveniion according fo a

5 preferred embodiment there is provided a method and

apparatus for reguiating ‘heat flow inclueding the inter-
position of a gas ~ﬁll\,a permeatle insulation material be-
tween the apparatus the temperature of which is' to be
controlled, and the environment. Heat is transferred
from the apparatlis through the insulztion material to
the environment. The rate of heat flow is controlled
by varying the thermal conductznte of the insulating
material. As illustrated herein the thermal conductance
of the insulating material is varied by means of the pres-
sare of the gas amid the insulation material. Pressure
is regulated in responmse 10 the pressure of the gas amid
the perneanle insulating material to provide a closed- -
loop pressure control or feedback.

As an apparatus and methed for rem‘anng temperature
this invention provides a means for sensing a temperature
linked to the heat flow. Thc. temperature of apparatus
is sehsed and the pressure of the gas in the insulation
is “biased in response to the Icmpcrature sensed. The
Drsfe'red embodiment 2lso comprises a pressure regulator
that is responsive to the pressure of the. gas in the in-
suiating material and the temperature in the zpparatus.
This arrangement provides a closed-loop temperature

‘te"ulalor involving a pressure sensitive variable thermal

conductance in the contrel loop, as well as a closed-loop
pressire controi.

The illustrated structure of the prcferrﬂu embodiment
far carrying out the principles -of this invention includes
a body of gas-filled permeable msx_latmr' material inter-
posed between an apparatus dand its envirorment. A
source of higher pressure gas and a valve in communica-
tion with and between the higher pressure gas and the
insulating material are provided. A sump of lower pres-
sure gas or vacuum and a second vilve communicating
with and between -the vacuum and the gas amid the in-
A pressure responsive
element such as a resilient diaphragm provides aliemative
selective actuation for each of the aforementioned valves.
The resilient dirphragm is in communication with and is
sensitive 10 the pressure of the gas amid the thermal
insulation material. A thermal actuator such as a tem-
perature actuated change of stafe device senses the tem-
perature of the apparatus. The thermal actuator is con-
nected to bias the operation of the pressure responsive
member. In the pr.férred embodiment an increase in
temperature sensed by the thermal actvator above a
predezeﬂmznad value causes an increase in the pressure
of ihe. gas amid the permeab‘e insulating material thereby
increasing the ithermal conductance of the insulating ma-
terial. Increase in the thermai conductance of the in-

sulating material likewise increases the rate of heat flow

' through the msu]atmg material.

Thus it will be szen that dual ‘feedback loops are pro-
vided. A first closed conirel loop involves smsmg a
quantity linked to the heat flow to effect variation of 2
pressure that ‘controls the rate of the heat flow. The
second: closed coatrol loop m,olves feedback control of
the variable pressure itself. The two control loops are
combined in the preferred embodimeént in the operation

s of a unique prcs;ure ‘.nd temperature op;:rated control

valve.

A second ‘embodimeni illustrates the bidirectional con-
zrying the composition -
of the gas amid the therma! insulating material-

Thus it is a broad object of this-invention to provide
a new and improved method and apparatus for the regu-
Ianon of heat flow. ;
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Tt is an object of this invention 1o yrovidc a s*rvc‘!ure
and method for rz:ﬁulatmg temperature in an apparatd

It is a further oBject of z‘m fnvention 10 pmwd* a
methed and zpparatus for controllably Varying the
thermal conduciance of 2 thermal insulator.

Tt is another-object of this i mvcm;on to vary préssuré as
a function of temperature., |

It is still amother object of thzs invention to.control
’L’empenmm By mezns of pressure control.

Il is & further object of invention to provide a pres-
sure reguiating valve IvSf’éDﬂS'Ve io temperature.

Cther objects and many of the attendant advantages of
this invention ppreciated as e same be-
comes better understood: by reference to the following
detailed description when considered in connection with
the e;ccompm ny drawings whereig!?™ .

FIG. 1isa 9.’2;‘1 showing an exempiary variation of
thermal conduciance as z function of the pressure of a
gas in a gas-filled permeable jnsnlsting material,

FIG, 2 illust
principles of this :rvemmn,

FIG. 3 is a sectional vicw showing.in more detal
coniro] valve of FIG. 2, -

FIG. 4 is a sectiopal view of a second embodiment of
the ad;uslaw cap of the valve 6f FIG. 3, and: :

FIG. § illnstrates another heat flow apparatus embody-
ing the pris my}cs of this inventjon:

Throughout m dramnza like pumerals refer to like
parts.. .

The torm 1bcrma! conductance as used in relation to
the drawings and the description refers to a composite of
the heat transfer cheracteristics of & material and is a
physical property characteristic of the insulating material
mentioned herein. The insulation or insulating rhaterial
conwdzrcé ersin is' & permeable solid substance contain-
ing a gas amxé ihe solid subst
ductance is, therefor conmm ic o
a heat transfer by m s of thermal ¢
the sclid substance in &he rermeable
tion through the gas in the ==
stance, convection of the gas in the iferstices and radia-
txm from one nnrz' on of zhe sclid substapce to another.

e
a0

1 the

of the faciors effecting
onduction through
insu
es of the solid sub-

T
[ greze

‘teria.x is ci;pa_z’w H Qn ;‘n:« compe
the solid substance in the pers

the composition of the gas am stance, the
mean temperatire of the ins =nd the pres-
sure of t}" gas in the miez‘< bstance.
When rmeabls s 5 space 10
provide a l ,r of in
ticular app cm de remains
sdbstapt ally "’OZ‘;STleL insulation.
The iniiial pz t degies of

?fs par’t:‘cies: ﬁbers,. cells, or
o so that the thermal con-
Wf?mn of the insulating ma-
terial remains substantizlly constant, The initial pac}fmo
of the solid substance also determines the size and geome-
try of the interstices amid the solid substance. Thus the
mdmdual 'satn sngrhs for' gas conduction and the oaf:ree
of constraint of cocove
fired. The original pasking determines the leng

contact betwe
other forms of if*»a 30
duction through the 50

th and

path of the raiiation h@t transfer frogy individua! areas

of the solid subsiance to .other areas of the solid. The
relative m%pc‘r"ww of solid conduction, gas copduction,
convection and radiation as heat travftr mec‘w nisms de-
pends on the composition and pressure of the gas in the
interstices, the comppsition and geonietry of the selid

a Leat fiow apparatus embodying the

The thermsal con--

ion, condug-
40

ction of the gas in the interstices is.

" tively nineffected oy pressure.

&

10

26

30

60

substanne and the temperahm: at wh*cb ihe heat Uansfer .

is conducted. .

The result is that at a mven prescure the rherma} con-

ductance of a given body of insulating material is con-"« -

stant at any, chosen mean temperature. However, if the
pressure of the gas in tle interstices is changed, the quan-
ity of heat that can be fransferred by mechanism of gas

_ductance &8 a

4

‘conduction and couvestion is changed. . Heat traaner by

the mechanism of radzauon and solid cond&cnon js rela-
An exempiary illustyation
of the variation in thermal conductance thet is obtained
is in the graph of FIG. 1. The linear ordinate om this
praph is the thermal conduciznoe in the units of British:
Thermal Units-inch per hour-sq. ft.-degree Fahrenheit
(B.tu~ia./hrelt A-F.). The logarithmic abscissa cn the
craph 1s the' presxure of 1 gas in-a pcrmea‘sle znsma ing:
material expressed in the units of miilimeters of mercury
{1 torr==1 millieter of mercusy o

A family of curves is plotted an the :ranh of FIG. 1.
Each of these curves represen ‘mal conductance of

the imbi ton as a function of pressure at a particular
mt temp&r sture of the insulating material. These tem-
per 17es ars 1hc maan &f the temperatures on the hot
and tion respectively and are indi-
ca t at the right side of the graph. '

The' pa*ncmar curves s:« otted on-this graph represcui the
thermal condy ri:m:e of an insulating material comprising
2 malsiz of solid glass ﬁw,a permeated with heliym gas.
The glass has a specific gravity of 2.01 and an average
filament diameter of about 2.6 microps: The fibrous glass
substance is packed to an dpparent Gensity of 8.35 Ibs.
per cubiz foot.

Tn., curves presenied are for helium in the specified

ermeable solid substance, however,‘ihe shupe of the
cur\e\ in FIG. 1 is typical of the shape of carves that are
ottzined for other gases permeating the same or other
solid substances f:ac:.”&d to the same or fofert‘nt densities.
These curves show a a poriion of relatively slight variation
in thermal condoctance at low gas pressures. The abso-
hite magnitnde of the thermal conductance iy also very
Jow. At higher pressures a secor nd portion of relatively
slight variaiion in thermal conductance is 2lso present and”
the absojuie m wagnitede of the thermal conductance
higher pressure regime is many times greater t
thefmal conduciance in the first mentioned lower
LLanL, Intermediate be twgen the pre ;
ing relatively slight changes ir rinsl conductance Is a
pressure regime in '(nhzcn the thermal corxduc“m:e shows
a rapid vznation as & fur etion of gas pressure.  For
hehum in the specified solid substance the pressure range
of rel ¥ rapid variation in thermal conductance for
the tempcm uTe TINLES iﬁustraied lies between about 0.01
torr and 10 B

1000 torr,

A change in the compasition or gerometry of the solid
substance, the czu:ree of ing or the composition of
the gas (as more fully dese ‘i berema‘te;), will change
the magnitude of the the ce of the jnsulat-
ing material. mal co“m}ctaﬁw of these
substituted ipsulating ma‘ﬂv‘ a8 a function of pressure

also include regions of relatively invarient thermal con-
ductance at higher and Jowsr preswres Likewise a re-
gion of relatively rapid rate of change of then mal con-
f‘cr;c‘mn of pressure is also present at an’.
intermediate pressure range. The pressure range in which
the rapid rate of change of thermal conductance occurs
will be somewhat, although not substapially, influenced
by the nature of the gas and the solid substance. - In any
of these variants the charou. properties have e,vabiy
decveased effect when tba pressure of the fas amid the

o

fmu

kpefmmme substance is lower than about 0.01 torr.

As illustrated in FIG. 1 the thermal conduciance versus
pre Ssure curves are & function of the mean temperalure
in the insulation. At extremely | ow tcmpemmres ihe effect

of pressure on the thermal conduciance is jess than at

higher temneratures. Thus, for example, an increase in’
pressure from 0.01 tory to 10G0 torr at —450° F. vields
a tenfold chan% in therm‘.l ;ondumfmcc A similar
change in pressure of the gas when the msuiatmg material,
hat a medn temperature of. 100° F. yields more than
a hyndredfold increase in thermal cond‘uptance“ At pres-

surgs below 0.01 torr the rate of change of thermal con-
ductance as 2 function of pressure is so low that further




5 ,
reduction in tbe p“scure is <e1dom requxre..l Likewisc
an inctease in the pressure. of the gas in the insuiation
‘above 1000 tofr does not yicld substantial gains in t}‘s'mal
conductance. It is the refore preferred that 1he gas pres-
sure in the msul:mon ‘bz maintained wnnm lhe pressu
range of 0.01 torr to 1000 tort..

When thermal conductance of an insulating: ma en'a].
is varied, the rate of heat fiow through a boc" of tnar.

msulatmo mdienal ml! also vary. When such a body
is n:erpo«ed b:mecn two regions havmg iwd tempera-

tures which-are different from ea o:h othier; teat will flow

from the-higher temperature region to the lower tempera-
ture region, and the gquantity of heat thet flows between
the two regions is determined by the thermal. Vonductance
of the body of insulating material. ~As the cenductance
is increased the rate of heat flow is increased and as the
conductance'is decreased the rate of heat flow is decreassd.
Bidirectional' control of the heat fiow is cobtained by bi-
directional conxrol ‘of the thermal t.onduct.mce. )

Tn any giver heat transfer system inveiving thermal con-
ductance it is usually not convenient. to continuously va Ty
the area through which heat is fiowing nor the thickness
of the body of insulating materizi. The quantity of heat
flowing across a tody of insulation is ‘dependent on the
temperature gradient across the insulation. Thus, the tein-
perature gradient could be varied to affect the rate of
heat flow bul this is usuzlly not cénvenient or may be the
very quantity it is desired ultimately to control. Thus,
a convehient way to vary the rate of heat flow in a heat
transfer system involvisng thermal conduclance is to vary
that thermal conductance.

As has been illustrated in FIG. 1 the Lbc"nal con-

ductance of a permeable insulating material is varied by'

means of variation in pressure of a eas amid- a solid' in-

sujating substance. ~ Bidirectional control of the rate of

heai flow is obtained by bidirectional conirol of the
thermal conductance of a body of insulating - ‘material and
bidirectional control of the thermal conductance is con-
veniently obtained by bidirectional control of the pressure
of a gas amid the insulating material.

In erder to provide control it is desirable to provide
a control means sensitive to variations in, the rate of heat
transfer. .This control means should rcspond 1o variati ons
in the hea transfer rate io con'.dl_lably vary the pressure
of the gas in'the insulating material. In mechanizing the

sensing of the quantity of heat flowing it is convenient to’
g : Y 2

sense a guantity linked to the rate of heat flow. In the
illustrated embodiment heremafter described the quantity
linked to the heat fiow is the temperature of an electronic
apparatiis. -Although the temperature of a single portion
of the system is sensed in the described embodiment it
will be reamly appreciated that other quantities related to
the heat flow can be sensed and applied within the prin-
ciples of this invention. Thus, for example, it is contem-
plated that reeans can be substituted for censing the heat
flow dirﬂcdy, scnsing the temperature of the environment
or sensing a mass flow, pressure, density, composition or
other par'—xmeter linked to the heat flow. The quantity
iinked to the heat flow can thus be one anticipating the

change in rate ‘of heat flow or a quantity that has a

changed magriitude 25 a resuh of a change in the rate
~ of heat flow. Systems are’ comemp’ated which anticipate
. and minjmize chamves in the rate of hieat flow and systems
fo e >1o.e an apparatus 1o its original thermal ;thbmrn
after 4 change in the hest transfer rate.
FIG. 2 illusirctes a heat transfer system mcorperatmg
the principles of thic invention. As illustrated in this em-
. bodiment, apparatus is provided separated from its envi-
ronment by a body of insulating material. The thermal
condiictznce of the insulating bedy is varied by means of
.control of presture’ of a gas in the msuunng material,
A diaphragm responsive to the pressure of
-vides closed-loop pressure control. Means -are provided
for sensing the temuperature ¢f the apparatus and biasing

the means responsive 1o temperature to affect the pressure

the gas pro-'

&t
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of the gas in the insulation. Since the temperature of the
ApPArRtUS S depcndcrt on the heat flow through the insula-
tion which is in turr dependent on the pressure of the gas,
clesed-loop Le—npcrarure control is provxded
As illustrated in the embodiment of FIG. 2 there is
provided a compartment 1§ which is defined and substan-

- tally surrounded by a container having an inner wall 11

10

20

t

30

40

45

60

and an outer wall 12 with a.gas-filled permeable insulat-
ing miaterial 13 interposed -between the two walls. This
insulating material comprises as a pcrmeable solid sub-

stance .a ﬁbfous ¢lass having 2 specific gravity of 2.01
and an average filament diameter of about 2.6 microns.
This fibrous matericl s packed to ‘an average apparent
density of 8.35 Tbs. per cubic foor. Although {or the pur-
‘poses of cxpnsmon a single type of solid substarice is de-
scribeg, it is coniemiplated that this salid substance can
be in any of a varieiy of fcrms such as, for example,
hollow <pheres small granules, fabrics, foams with inter-
connecled pores, plaielets, s‘xects or o:ber iypes of geom-
etries which will form 2 permeabls mass, Tais substance
may alsc be any ¢f a great variety of materials which can
be selecied by one skilled in the art such as, for example,
ceramics, metals, plas’lcs such as polyurethane or phenohc
resins, cork or animal or vegetable fibers. The sclid sub-
siancz nesd not contfibute to the structural strength of
the walis but may-so contribute without departing from
the principles of this invention.

The insulating material also comprises belium gas amid
the permeable sclid substance and confined thereto by the
walls 11 and 12. Helium is preferred as the gas in the
irterstices of the solid substance because of its combina-
tior. of high heat transfer rate. low weight and comylete
sefety. Altheugh a preferred material js involved in
this embodiment, it will readily be appreciated that the
principles of this invention incorporate tiie application of
any gas for use in the insulation:

The compartment 10 contains, for example, sn elec-
tronic computer 14 the temperature of which it is desired
to control. The om:r..unw ¢haracteristics of thé computer
vary considerably if it is used o utside of a relatively nar-
row temperature range. In this embodiment it is desired
to operate the computer in the temperature range of 100°
to 140° F. During the operation of the computer, heat
is generated due to_eleciric current fiowing in the comi-
puter. The quantity of heal that is gencrated is not
constant with respect to time but varies in response to
the demards upor the computer. i

Although a <m"le °n'bodzm’-m of apparatvs is described
and illustrated in FIG. 2; it is contemplated that any of
a variety of eguipment could be substituted therefor in
the practice of this invention.. Thus, for example, fuel
cells operating at an elevated temperature and generating
heat by the electrochemical reaction therein could be
used in a similar arrangement. It will be appreciated that
the s(me principies apply if mechaniczl devices generating
or releasing heat due to the compression of a finid or
mechanical friction were subsumzed These examples are
illustrative of apparatus that might be installed by ore
skilied in the art and zll presumably operaie at a tem-
peraiure higher than the environment external to the
wall 12. It is also contemplated that the apparatus 14
could- include a device oi portion of device operating
4t a temperature which is below the temperature of
the environmernt external to the wail 12. Thus, for ex-
ample, it could includé the cold portion of a cenventional
refngeratxon system or a. thermo-clectric generator or
some other lew temperature device that n*i“'m be se-
Tezted by one skilled in the art. Thus, although the
apparafus 14 may be at a temperature higher or lower

- than the environment external to the wali 12, for the

purposes of expesiiion the system of FIG. 2-is.considered

-to involve a temperaiure regulated electronic computer

that is at a higher temperature than. jts environment,
whereby the direction of heat flow is from the computer
14 through the msul.mng material 13 and the walls 11



first chamber and the, conduit 23. In the illustrat

and 12 to the environment. In such an arrangenient heat
is continually generatdéd in the apparatus 14 and the tem-

perature of ‘He apparaim'xs controdled by a sels ctivc‘

bidirectional variation -of thermal conductance of the in-
sulating ‘material. . I{ the tempeisivre of the computer
14 is too great the thermal conduciance of the m«xﬂanon‘
i3 s wncrf:asad and <onsequenily the raté of heat Wiov
from the cou.pw:r is increased. If the te*npcra.mre ox
the computer is too low the -thermal conduciance of the
msulu‘:m is decrzased, hence oecrcasvn zhe, rate of heat
flow to the environment. .

A temperature sehasitive pressyre regulating walve 16

is - pmwd:a in the heat transfer vystem as a means for
censing temperature of the apparatus and varving the

thennn! conduciance of the msa.‘mz material by regu-

lating the pressurs oF the gas in the msdaﬁon in response

1o the temperature. The wimpcrature I‘ﬂ'*:m%i"" pressure

egulating valve 1€ i« illustraied in grcmcr de n FIG.
3. In both figures like reference nur.eraxs refer 1o like

parts. The valve and its paris are of circular cross sec-

tion. This valve has a frt‘ chamber 17 and 2 second
chamber I8 defined by a first body portion or bouxme
19, 2 second body portion or housing 2¢ and o« resi
diaphragm 21 zhere‘wctwcen The two body portions of
the housing are :scurcd together By means of a number
of bolts 22 arcund thé periphery of the circular valve
housing.. The dsf'“z’“"*n 231 extends béyvond the bolt
circle on e -housing and provides a gas séal between
the iwo bedy porticns of the vahc and the enwmnmf’nt of
1he valve.

The first cnambbr of tbe valve dommunics. -~ with the
insulating material 13 by way of a boppet \udvc . ore and
a conduit 23. A poppet valve 24 is mounird in the bore
between the first chamber and 2 source of higher pressure
helium gas 27. The poppet vilve in i3 norma] closed
position his a conical portion 25 which seafs against a
mating conical portion of the first boc’y portion 1% 10
form a seal between the first chember and the pressar-
ized helium gas. An erifice bearing 26 is provided in
the first body portion of the valve as a guide for the

poppet valve m‘i This orifice bearing includes a path of

small ‘cross-sactional area for gas to flow beiween the
ed em-
Bodiment the source of higher pressure gas 27 (FIG. 2)
Is & container of compressed Helium but jt will be readily
appreciated that 20y conventional source such as a com-
pressor, the vapor over a liquid or solid, or dn some in-
stances the .?tmosp?xe»e at one atmosphere pressure ‘can
also be used as a source of higher pressure gas.

A conduit “d connects the poppet valve 24 with the

source of higher pressure gas appmpﬂdie}y recula!ﬁd by

a pressure regulating valve 29, A spap ring 31 secures
the orifice bearing 26 in the first body portion of the

vilve. A small spring 32 between & snap ring 33 and

the on’icc bearing urges the poppet valve Into a closed
po:.uon with its comical pordon 25 seated sgainst the
mating portion of the valve housing. The orifice bearing
26 constricts the passage between the conduit 23 and the
first chamber .so that pressure buildu p x,ﬁ'] occur in the
insulation when the poppet valve is ned before the
buildup occurs in the first c‘aam‘:er \13 constriction
in the passage of gas between the insulating material and
the first chamber Talso reduces the rate at which gas is
w’thumwn from the insulation Whgn the 'vaive f*spvrates
as huremmter described.’

Tbe resilient diaphragns 21 betweer the first and second

Tuarnbers s pmvzded with a rigid central hub 34, baving
a- sel -relieving orifice 35 which communi icates with and
provides a means.for gas fow between the first chamber
17 and the secopd chamber 18. ‘A pad of resilient ma-
terial 36 is secured to the end of the poppet valve stem
24 to provide a gas scal betweer the first chamber and

‘the -orifice 35. The orifice 35 and the sealing pad 36
“serve as a valve bctwat n the first chamber and the second
. chamber. Ir order fo- opcra‘e mc- illustrated system a
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sump of Tower pressure g23 or vacuurs 38 is provided.
This sump may be either the hard vacuum of outer space
or some.conventionzl type of vacuum pump or evacuaied

" contziner. This vacusm is in communicarion with the

second chamber 18 of ihe valve 16 by means of & con-

ahe c“p f-" 1h:~u is threaded onto tne iecona bodv portaon

"’“ of the valve bou»mn By me eng of the threaded at-
':scnrm, t of t

28, adjustmént of
can b“ "b ained. A s;a} 43

he wlvmn. : :
‘temperature attusted

“Threaded intc the cap 42 ina
change of state devize 44, The' temperature aciuaied

ns

chuange of state-device conla
is seazed into the power device by a

resilient membrang

44G. The active medium compfises a material wiich un- -
rticular temperature.

dergoes a melting reaction st & pa
In this emsbodiment the active medium 45 45 759 paraffin
wax and 25% peirolatum having & mgling pomt of
i21°F. \thn the zorive ‘medium melts there is & con-
coritant increase in volume which i€ laree relative o the
normal thermal -expansion of the active medium, - This
volume change forces the resilient merabrane 45 outward
so #s to press against a plunger 47 of a relatively small
croess-sectional area, thus providing a large displacement
of the plunger 47. Fuarther details of temperature ac-
inated change of state devices suitable for use in the
1}}1 strated CT"’D«M mert are dcs‘cribed "in |U.S. Patent

8384 1o E. Soreng =t al. for a “Teuxpﬂmtu’"e
ated Power Duu.e erd i w U 5. Patewit 2.636,77¢ 10
emct for a “Pressure Opern d Device.” A {erppera-

actnated change of state dh e of the tvpe described
referred for use in this invention becavse of the
placement that is obiained over a very short tem-
perature range compared with the uﬁp’ac ment that is
cbtained over relatively broad adisining temperature
ranges. However, it should be readily appreciated by one
skilled in the art that other dispiucement producing
thermally zctuated devices may be substituted in other
emhbcdiments of temperature sensitive pressure regulating
valves, Thermal acivaters such as bimeiallic elements or
expanding gases are contemplaled in the practice of this
invention although of lass wﬁnactory operating charac-
teristics than tne preferred temperature actuated change
of state device, :

It is"also &ome'np}at“d that a combination of fempera-

ture actuated change of state dev LCLS and bimetallic ele~

ments or similar thermal actaators may be employed in
the nrauu\,e of tnis invention. Thus, for example, a com-
bination of two iemperature actuated change of state de-
vices ard 2 hmntamc element could bc arr arr:ed {6 pro-
vide a large o“g of expansion at two discrete tempera-

tures and a cdr inv ous variation of expansion between the,

two temperaturcx Substitution of combination thermal
actuators in other embodimenis of pressure regulating
means can be made by those skilled in the art.

A spring 48 is provided between the plun°er 47 and
the rigid center hub 34 on the dmphragm in order to
apply the motion of thc plunger as a force against the
dmphragm. The spring 48 also provides a restoring force
to the plunger 47 upon solidification and contraction of

5 the active medium 45. When the iemperature actvated

change of state davice increases (o 2 lemperature where
memng of the active medium 45 occurs, the plunger 47
is pressed toward the diaphragm.  This motion, 4ds trans-
mitted by the spring 48, biases the diaphragm. toward the
first chamber 17. Conversely solidification and contrac-
tion of the active medipm 45 reduces the bias on the di-

“aphragm. The active medium 45 is arranged in good

beat. transxer relationship to ﬂ)e élzctronic computer 14,
the temperature of which it is desired (o control. .

In the practice of this mventxpn as revealed in the pre-’

an astive mediom 43 that
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ferred ill u@tmted and c}cs\,nbpd embodme'u the tempera-
tore of an elec tronic complm.r 14 is conirolled by a closed
Joop témperatire controlling system. Heat is gcmrated‘
- in the ¢lectronic computer which operafes at a tempera-
ture above the temperature of ihe environment. The
~computer is isolated from the environment by a body of
) msuiat*ng ma emal 13, the thermal conductance of which
is variable-in rus;vome to the prusure of & gas in the in!
sulati ing material, '~ The gquamtity of heat ﬂﬂwmg from
the' elecironic computer o the génvironment through ihe
body of insulating materiz} is determined by the thermal
conductance of the insulating material. Preswrc control

of the gas in the insalating material'is provided by a tem-

‘perature-sensilive  pressure-sefisitive regblating  wvalve.
When the {emperatire of the gomputer rises above
1231° F., a valve linked o the meiting point of the active.

e, the

medium in the valve pressure of the gas i theé in-
sulation is increased by a closed loop ¢ontrol more fully
described herginafter.
increases the thermal conduciance which increases the
raie of heat flow from the computer to the environment.
Increase in rate of heat flow dJecreases the temiperature
of the comiputer to-restore {hie &mwd t mperature to ns
desired equilibrium value:

When the &emperature of the compuu.r decreases the
pressire of the gas in the insuiaiing material is decreased
which reduces the thermal cmduaﬂn ¢ of the insulating
material 10 effect reduction of the rate of heat fiow from
the glectronic compuier to the envirenment and conserva-
tion of the heat uncralcd in the elecironic computer
whereby a rise in the temperature o;cu.s to retain or re-
store the lemperature o jis dC’\x ed cqu‘}mnuu range.

" In the condition when the electronic computer 14 s in
its optimum fempersturz range,. 1hc valve 16 s in its
equilibrium condition with bath the ¢ peppet vaive 24 and
the seif r‘*‘xcvm“ orifice 35 closed. That is, the conicel
ﬁorl;on 25 of the poppet valve is in séaling relation to the
mating portion of the housing 19 of the valve and the
self relieving orifice 35 is in sealing relation to the re-
silient pad 36. The pressure of the gas in the insclation
13 and in the first chamber 17 is.equal. The pressure
differential across the diaphragm 21 between the first and
second chambers urges the diaphragm tdward the evacu-
ated second chamber and the force is exactly ‘balanced
by the urg"nf’ forces of the $prings 41 and 48, The poppet
valve 24 is held closed by the force of the spring 32..

When the pressure of the gas in the insulation, and in
“the first chamber increases 2hove a predeiermined value,
which valve can be adjusted by means of the screw can
42, the diaphragn is d‘sp aced toward the second chamber
18 and the self relieving orifice is no Jonger in scaling re-
lation to the resitient Bad 3§ which is secured to the

" poppet valve stem 24, When the self relieving erifice
is thus opened the gas in the first chamber is free 10 pass
to the second evacuated chamber, hence Jowering the
pressure of the gas in the insulation. The orifice béaring
24 rastricts the flow of gas from the inzulation’so that an
‘excessive quahtv ‘of gas is not removed from the inst:la-
tion in the pres:vrc lowering operation thereby conserv-
ing the pre:sunzmw gas. When the pressure in the first
.,chan"ber of the valve and hence in the insulation de-
creases-to a value that is msu‘ncth to svstain the dis-

ement of the diaphragm against the force of the

. the d;apﬁxaam refurns to its equilibrium position
and the orifice 35 is closed against the resi'ient-pad. The
pressure of the gas in the insulation Becomes static and

-the valve is again in ifs cquxhb; inm. condits: on.

When the regulated prcssure of the gas in. the first
chamber 17 and in tHe insulation drops to a value where

the urging force of the springs 41 and 48 overcomes the
“force of pressure differential across the dmwragm and’

the force of the sprvn(- 2, d:splacemem of the diaphragm
and its rigid center hub will occur.” This displacement
compresses the spring 32 and moves the poppet valve 24
50 that the conical portion 25 is no longer seated against

Increase in the pressure of the gas.

10
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© of insulating material,
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_occurs in the active medium and the

10
me housmsz and gas is free to flow from the xcrdmt 28
to the insulation by way of the conduit 23, As the
pressure of the gas in the insulation and the first cha mb{r
increases the force against the diaphragm mcre:aws,
counterbalancing the force of springs 41 and 48 restoring
the diaphragm to ﬂs equ ilibrium po:.xuon and closing the

: peppet valve 24:

In the de&c;:b:d e1 *mod)mem when the &emnemtuﬂ: of
ths ‘elactronic co*),puicr 14 inzreases to a value higher
than the melting pomt of the active medium 45 in the-
temperature. actgated changde of statel dovice 44, this'
medium will melt :md thereby expand in vo}umc and .
forcé the plunger 47 in a direction tcward the eirzpnz’af’m
This motion on one end of the spring 48 résulds in an
increased Torce against the diaphragu thereby biasing
the eau"»bm.’n post ition of the cxapnrazm in such a di=

rection that an jncreased presstre is required in the first

chamber and hence in the insplation to restore the dia-
phragm to. its equiiibrium position. That is 10 say, the
total urging force on the diaphragm from the two ap'm

41 and 4% niust be ofiset by an increased pressure in the

first chamber 17 in order 1o keep the poppet valve 24
and tht s¢lf relieving orifice 335 closed. When meiting
force against the dig-
phragm is increased, displacement occurs in the dia-
phragm, which presses the poppet valve 24 sd as to com-
press t‘w spring 32 and open the poppet wvalve, thereby
allowing higher pressure gas to enter the first chamber 17
and the insulaticn. This increased pressure in turn acts
to counterhalance the urging force of the springs and
press the diaphragm toward the second chamber allowing
the spring 32 to close the poppét valve. Thus, a new
gcu‘lmmum pressure exists in the pressore regulating valve
and the insulation which i greater than the equilibrium
pressure when the active medium is solid.

Tncreased pressure of the gas in the insulation increases
the thermal conductance of the insulating material which
results in an increased rate of heat fow through the body
Thus thfough the chain of oper
ative interconnections the rzte of heat flow is responsive
to the sensing of femperature of the spparatus in the svs-
tem. In the described embodiment 'when the heat fow
from the apparaius to the environment is small, the tem-
perature of the elecironic computer as sensed by the teme-

poralute actuated char;{e of state device will tend to in-
crease.  When the temperature increases 10 a value where:
the temperature sensitive medium in the femperature ac-
tuated change of state device melts, the temperature bias
on the diaphragm is increased and the valve iz actuated
to increase ihe pressu'e of the gas in the insulztion and,
therefore, the rate of heat flow.

Conversely Lpon schdz‘iahon of the active medium th
plmoer of the temperature acinated cl*anfze of state df:-
vice retracts under the urging force of the presgme differ-
ential-across the dxaphraﬂm as transmitted by spring 48.
The force of the s pnng 48 against the diaphragm is de-
creased by the retr raction of the plunger thereby allowing
the dz“rhrﬁgm to move toward the second chamber under
the pressing of the pressure differential between the first
chamber and the second chamber. When the diaphragm

~moves toward the second chamber the self relieving ori-

fice in the tigid center hub moves away from the r«eqii%em
sealing pad on the poppet valve siem thereby onening

. tihs means for valving and allowing gas o fiow from

- the first chamber of the valve to the sump of lower pres-

sure gas or vacvum. This in turn removes pus from the
insulaticn t’n'ouwh the orifice ‘Bearing 26 and the conduit
23, Whén the pressure in the first chamber has de-
crezved a sufficient amount, the force on the diaphragm
due to the pressure differential between the first chamber
and the second chamber is decreaséd and the urging forces
of the springs 41 and 48 relutns the diaphragm to its -
equilibrinum position with both the poppet yalve and the
self relieving orifice closed. The decréase in pressure of
the gas in the insulation material decreases the thermal
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conductantc of the body of insulating material and re--

duces the rate of heat flow between the apparatus ‘and the
environment. Continued heat generation hy operation of
the electronic computer wiil once again be in baiamce with
hest Joss to the environment and lhe tcmperature of the
computer remains constant!

FIG. 4 shows a second embodxmcnt of an adjustable

cap'142 for the valve.16. _This cap car be substitvted for .

the cap 42 in the embodiment distusséd and ilustrated i
FIGS. 2 and 3.  The cap.142 differs from the: cap 42 in
lhat the Xempcraturc dctuated change of state deviee in-
corporated in the ‘cap ‘contracis
ture so that the Lemp»ralun: regulating system previously
descnbed ‘can opérate in a manner in sdme respects op-
posite to the manner above described. This latter type
of cpcrauovx is emp]cyed when the temperature of the
apparztus in a system of the type described and illustrated

in FIG. 2 is to be maintained lower than that of iis en-

vironment and heat is cxtracted from the apparatus by
other means than through the thermal insulation. In this
type’ of opcrauon it is therefore desired to control the
quantity 'of heat flowing from thz environment through
the hsulgtion material to the apparatus in the system.

The cap 142 is so constructed-'and arranged that it can
replace the cap 42. prcvxous; described. The difference
from the cap 42 lies in the interna] constructien of a
temperawre actualed chznge of state device 144 which is
threaded into the ‘cap. This diffcrs from the change m
siate device 44 in the cap 42. The temperature actate
change of state device' 144 comprises first and xecopd
housmg portions 150 and 151 secured to zether by z num-
ber of bolts 152. A plug 153 1s threaded mIo the secor.d
portion of the housing. The interjor of the temperature
actuated change of state device is divided into two cham-

. bers by a resiliert membrane 146. One of these cham-
bers contains an active medium 145 which'is of the same
type as the active medium 45 in the above described
embodiment. A piunger 147 passes through the first
housing portion 150 of the teinperature .actuated change
of state d:-lcu, and through an axigl hole in the active
medium. The plunger has an extending shoulder 154
facing against the opposite side of ‘the membrane. 146
than the active medium. A compression spring 155 is
between the shoulder of the plunger and the plug 153
in the hovsing of the r‘hanwc ‘of state device. A seal
156 is provided between the plunger and the first por“xon
housmg The
piece with an axial hole having a shoulder 157 raised
above the suriace of the flat portion around the edge of
the axial hole. The inner portion of this raised shoulder
157 presses against the plunger 147 to provade a seal to
prevent the active medium {roni escaping from its con-
finement, thereby preventing the resiiient mzmbrane from

" slipping. relanve to the shox.]der i54 dunn" movement
of the plunger 147. :

This second embodinient of a temperature actuated
change of state device cperatcs to contract upon increas-
ing temperature. When the temperature of the power
device increases above the melting point of the "active
medium, this medivm melts and increases substantially

in volume, thercby dchlacmg the resilient membrane ‘and’

hence -the s} ax.lde" of the phn"er forcing the plunger i

a direction t6 comptess tEc spring 155 and decreasing the
OVCI‘qll length of the mperamre actuated’ Chaﬂ"ﬁ of
state device. Comerﬁcxy decrease in the temperatn.c of
the power device below the meltmu point of Lh\. active
medium causes solidification of the mcdzum with a
quent decrease in volums. The compressed spring 155
presces the plunger against the resilient membrase znd
the active medium and upon decrease in volume of
the cme medinm causés 2 motion of the plunger so as
40 increase the overall lenath of the témperatore acteated
change of state device. . )

When the cap 142 and i*s associated cliange of state
device 144 is used in piacc of the cap 42 with its change

upon increasing tempera- -

¢ resilient membrane 146 is a flat circular

2 conse-
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‘an increasé of the temperaiure sensed
actuzted change of state device and that the pressure of

-provide a means for practicing the invention.

64 and 65 which
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of state device.44 in the te.ﬂp::’.turc sensitive prcssurc
reﬁulmmg valvc 16, the operation of the vaive portion is
substantially the same as previonsly described. When the
cap 142 is used and the temperature increases above the
melting point of the active medium tue plinger 147 moves
away from the di aphrazm 21 u5d'the pressure in the first -
chamber 17 and hence in the insulation is decreased in 2
inanner as has been'described previously. Thus the dif-
ference in operation when thé secend described cap 142
i$ substituted for the first cap 42 is that the pressure in the
first chamber and kence in the insulation is decreased upcn
by the temperature’

the gas is increased upon a decrease of the temperature
sénsed By the change of state device. The operation of
the balance of the system described and illustraied in FIG.
2 is similar when the cap 142 is used on the valve 16.-

The specific embodiments of the invention as described
above illustrate the practice of the method described and
It is, how-
ever, infended to be an exem: plary embodiment of but
one of aeveral forms which may b= selected by those
skilled in the art 1o practice lbe prmuplcs of this invea-
tion. _

1t is sometimes desirable to employ a heat flow sysicm
involving bi-directionully variable thermal conductance
wherein thé system is even simpler in design and operation
than the illustrated embodiment. Thus, icr example,
when intermittent or mfrecuem change in. thermz! con-
ductance is sufficient 1o smp]y the heat flow coatrol,
manuzl or simplitied automatic control meaxs can be used
1o replace the fully automatic operaticn of the preferred
embodiment. Thus, there js illusirated in FZG. 5 a heat
flow coatrol system em wod»mv the principles cof this in-
vention wherein the thermz .1 conductance of an insulating
material is varied in either of two opposite senses by vary-
ing the composition of gas permeating a sclid substance.

*A manually conirolled sysiem is illustrated having bui

two readily available values of thermal conductance. This
embodiment is suited for temperature control of an elec-
tronic computer ‘55 that Is located in heat transfer rela-
tionship with a tank 56 whick is adzpied to contain cryo-
genic fluids. A body of thermal insclation 57 interposed
between the compuler aud the tank i$ connecled 10 a
sump of low pressure gas or vacnum 58 by a conduit. 59
whiclk includes a valve 60. A conduit 61 connects a
source of mitrogen 62 and a source of helium 63 to the
body of insulating material, This conduit includes valves
are between the insulation and the nitro-
gen and helium sources respectively. The body of iasu-
Jation. material 57 is a sealed, gas»ﬁued permeztls sub-
stance comprising glass ﬁbers of the same tvpe 2s has
been previously déscribed ja the emcodxment illustrated
in FIG. 2:

The computer operates at, mvle: when thz tank is empty
of cryogenic fluid and at ambient teraperature and 2lso
operates when the tank contains low temperaiure fluids.
During the operation of the computer heat i: generated
and must be dissipated to the environment which includes
the tank 56, Thus, at least a portion of the heat gen-

* erated in the computer is transferred to ibe tank ‘hrough

the body of insnlation 57. The amount of heat trans-
ferred froia ihe computer to the tank through the body
of insulating material is dependent on the thermal con-
ductance of the insulating material and the temperature
gradient across. the insulating materiai. When the tank
is ot ambient temperatures a relatively low temperature
gradient exists across the body of insulating materizl and
when the tank contains cryogenic liguids a relatively Jorge
temperature gradient exists between the computer.and ‘the
tank. In order to maintain the temperature of the ~om-
putcr at substantially the same value when the tank is

_filed as when the tank i is empty and at ambient tempera-

. tures, it is desirable to vary the iermal conducfance of

-1
<

the insulating material, having a high thérmal conductance
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terposed bctwcen the hous'ng and ihc diaphragm,
and .
a third spr ng in the first cham‘*»er mterposed betweer
the hfmsxrg znd the poppet valve stem fo urge said
poppet valve and valve stem end into position where-
in said poppet valve and diaphragm orifice aré closed.
3. An zpparatus for re"ﬁia*mv heat flow comprising:
a ctn ;.ned body of oas permeated permeable insulating
mateuai
“a source o‘ pressunzed f:as,
“a sump of low’ pressure gas,
2 valve housing including & remhem diaphragm,
- thermally, ited teans for Biasing the dxaphranm
- means Wcluding a first valve for providing fluid com~
munication bel w:cﬂ the source Df pressuxued gas
and the insulating material,
means mc‘ﬂds;_g 2 second v«)va for providing fluid com-
munication bBetween Yhe sump of Jow pressuré gas
and- (he' ingulating miuterial,
means for providing fluid cornmunication between the
insulating material and one side of saig diaphragm,
meaps connected with the diaphragm for opening the
first valve when the 4! aphraf‘m is displaced in a first
directivn, and
means co*mcc(ed with the ,_.saphraum for opening the

second valve when the dlaph"agm is dx\pnced in a

&ef‘ono girection.

4. A method for regu!atmg heat flow comprising. the.

steps of interposing 2 gas permeated insulating material
between a region having relatively high temperature and
a region having relmwdy low temperature, )
transferrivg heat from the region having relatively high
ternperatufe (o the insulating material,

transferring heat from the insulating material to the

region of relafively Jow temperature,

sensing a qua ntity -baving a known relation’ to the
amount of heat tr*nsfer ed in one of &,zd transferring
steps, and.

varying the comg»omuon of the gas p’c.m.cﬂ ng fh~= in-

sulating material in response 1o the sensed quun‘ny,

£ An a;naralus for regulating heat flow comprising:

a body of gas-permeaied permeable insuldting material
bounded by a gas imperineable wail,

a source of wressunzed g8,

2 sump of low pressure gas,

ricans including a first valve for provxdm" ﬁmd com-
munication between the seurce of pressurized gas and
the insulating material,

[+
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40
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means including a second valve for providir‘gf floid -

communication between the sump of | low pressure
gas and the insvlating material,
thermally actuated mezans for cpenin" either of said
valves in exclusion of the other of sajd valves and
pressure actuated mzans for opening cither of said
velves in exclusion of the other of said valves.

&. A methed for regulating temperature in an appara~

tus comprising the su:p° of:
interposing 2 per rmezble insulating material between
an apparatus having 2 first temperature and a région

h:wivng,. second température;

25

is

ch'mnmrz the guantity of beat in the spparatos n a
_sense to increase the dificrente betwsen ibe tempera-
ture-in the apparatus and 1he second temperaturey

transfetrring heat ‘between the apparatus and the rsgion
at the second kmpﬁramre throuvgn the msuiatmz ma-
terial; !

sensing szid first temperature;

permeatmw the perr«“bla material-with a gas; and

varying the compaéition” of the gaw in response o the

sensed temperfatufe,

7. Mezns for com rolling temperature in a compartmem :

comprising?

a comyartment

a body ‘of permesble insulating material betiveen said
compartment anid fts surroundings;

a pas having a first compositon confined so as to per-
meate the perme 3b1“ material; and -

mearts {or repldcx“ ¢ at Jeast part of said gas having a
first cornposition with a gas having & second composi-
tion, " said -gas ‘havipg a first composition having &
thermial conduciance different from the thermal con-
duciance of said gas Havirg a second composition:

8. A method for regulating temperature 10 20 apparas

tus comprising the steps of:

interposing a gas permeated permeable insilating ma-
terialr beiween an zpparatus having fmt {£MPETa-
ture and a regmn having 2 second {emperature; -

changing the quantity of heat in t‘m ar aus bnoa

sense 10 increase the difference between the tempera-
iure in the apparatus and the second temperature;

transferring heat berween the apparatus and the region
at the second temperatms through the insulating ma-
terialy- '

sensing said first tampora*un.,

‘controlling a valve in fesponse (o said first tz.mpcramre

varying the partizl pressure of a first gas in said per-
meable insulating material by means of said valve;
and

replacing-said first gas with'a second gas baving a dif-
ferent thermal conductance from suid first gas and
mainiaining the total pressure in said permeable in-
sulating material at a substantially constapt value.
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